The vertical component (Z) of the geomagnetic field observed by ground-based observatories of the INTERMAGNET network has been used to analyze the effects of the movement of electrically conducting sea water through the geomagnetic field due to a propagation of a tsumani. The purpose of this work is to study the geomagnetic variations induced by the tsunamis occurred at 26 December, 2004, 27 February, 2010 and 11 March, 2011. For each case study, we selected four magnetic stations belonging to the INTERMAGNET programme that were influenced or more direct affected by the tsumani. To detect these disturbances in the geomagnetic data, the discrete wavelet technique have been used in four levels of decomposition. We were able to detect the localized behavior of the geomagnetic variations induced by the movement of electrically conducting sea-water through the geomagnetic field, i. e., the identification of transients related to the tsunamis. As well, using the minutely magnetogram data, it was able to localize the initial phase and time of the tsunami maximum height. The first interpretation of the results suggests that discrete wavelet transform can be used to characterize the tsumani effects on the geomagnetic field, but need further study.
Introduction 1
In the treatise "De Magnete" as early as 1600, the english researcher Gilbert showed the 2 predominately dipolar character of the terrestrial magnetic field. Next in the early nineteen cen-3 tury, other english researcher Gauss improved the magnetic field observation techniques and 4 introduced the spherical harmonic method for geomagnetic field analysis. Based on a called acts in a perpendicular direction both to the velocity and magnetic field vectors (Tyler et al., 48 2003; Manoj et al., 2006) . As consequence of the motion of sea water with velocity − → V across the 49 geomagnetic field − → B, a conduction current − → J is produced expressed by:
where σ is the electrical conductivity, − → E is the stationary electric field and − → V × − → B is the induced 51 electric field. Discarding any displacement current, the Ampere's law is used to determine an 52 induced magnetic field − → b given by:
where µ o = 4π10
henry/m. It is known that electric and magnetic fields are related by
54
Faraday's law given by:
Applying the same mathematical development used by Podney (1975) , the velocity field 56 present in the problem can be described as a curl of a vector stream function − → Ψ (the stream 57 understood as the flow of the ocean water), i.e.:
In analogy, the induced magnetic field can be expressed by a vector potential − → A, given by:
Thus the relation between the vector stream function − → Ψ and the geomagnetic field − → B as a function 60 of the vector potential − → A can be established as:
In a short description, the induced magnetic field generated by the ocean can be classified by exact location of this discontinuities due to geomagnetic storms was implemented.
89
As a basis for this work, this mathematical method is presented in an abbreviated way. The 90 multiresolution analysis (AMR) is a mathematical tool used to build up wavelet functions (e.g.,
91
Daubechies , 1992; Mallat, 1991) . Then it is possible to build up wavelet functions using a pair 
and h(k) is the low pass-filter, also called scale filter coefficients. The family of scale relations 97 are represented by:
They are called scale functions and in frequency domain are given by:
where
e −ıkξ is a low pass filter associate to φ. The following relation holds:
The spans W j have the difference of information between V j and V j+1 . If the ψ function form a
101
Riesz base of W j , it is called wavelet function:
where g(k) = (−1) k+1 h(−k + 1) is a high pass filter.
103
The wavelet and scale functions satisfy the orthogonality condition, φ 
where the projections in V j and W j are, respectively:
We obtain in multi-level j 0 < j the coefficients expression:
We can obtain with a change of base {φ
In the DWT the equation (14) is manipulated jointly with to the scale relations:
In this work we use the Daubechies (db1) wavelet function of order 1 (Haar wavelet 
157
The intensity of the geomagnetic disturbance in each day is described by indices. There are 158 different indices that can be used depending on the character and the latitude influences in focus. depending on the data conditions.
174
We focused on the survey of geomagnetic variations induced by the tsunamis occurred at 26 
Results and analysis

236
Initially the wavelet treatment is done on the SYM-H Dataset, which is a processed data.
237
According to the theory used, expected results are obtained. After that the same treatment is 238 done directly on the magnetometer dataset for each tsunami event. The graphical results are 239 presented and discussed validating the identifications of the tsunami occurrences (Dec. 26, 2004 , 240 Feb. 27, 2010 , and Mar. 11, 2011 .
241
From theory the wavelet coefficients are supposed to allow identifying the induced magnetic 242 variations due to tsunamis, because the technique can detect physical discontinuities in the ver- the wavelet coefficients were quite not big enough.
279
We also analyzed the SYM-H index of the day after the Sumatra-Andaman tsunami. Figure 4b ). The wavelet coefficients also were quite not big enough.
290
As the results are referred to the analysis of a pos-processed magnetic dataset (SYM-H), the 291 wavelet coefficients were expected to be quite not big enough. The processing of the magnetic 292 records in order to create a geomagnetic index acts as a filtering process that eliminates discon-293 tinuities. So, a result of non identifying tsunami features was already expected. In the next steps
294
we are going to deal directly with the records (magnetograms) of the selected magnetic stations. 
26-December-2004 tsunami event
296
In Figure 5 , panels from (a) to ( UT that might be due to the tsunami propagation. variations with the minimum of −9 nT and the maximum of 5 nT.
352
In Fig 6a, the (d j ) 2 for j = 1, 2, 3, 4 decomposition levels presented quite similar behaviors.
353
Also, they showed a main structure of coefficients which are preceded and followed by a se- showed the highest coefficients at 12 : 28 UT and 12 : 40 UT and (d j ) 2 ( j = 3) at 12 : 00 UT.
to notice two peaks, one at 12 : 00 UT and the other at 12 : 32 UT, followed by a main structure 364 of coefficients between 17 : 04 UT and 19 : 28 UT and a secondary structure between 20 : 48
365
UT and 21 : 06 UT.
366
Fortunately, for PPT, we were able to get the tide gauge measurements at the same location 367 (see Fig 6c) . The observed tsunami initial arrival time was at 17 : 33 UT and the computed time by the highest amplitudes of the wavelet coefficients.
387
In Figure 7 , the highest coefficients of all the four levels detected in the SYM-H are restricted 388 to the development of the storm following the second energy injection at 18 : 00 UT, specially 389 during the main phase of the geomagnetic storm between 18 : 00 UT and 24 : 00 UT presented 390 the highest wavelet coefficients amplitudes which was usually observed by Domingues et al. coefficients that could be noticed between 06 : 00 UT and 08 : 00 UT, a secondary structure 408 between 10 : 00 UT and 11 : 20 UT and a smaller structure between 16 : 00 UT and 18 : 00 UT.
409
The ( 
417
Near to the KNY station, in the city of Tosashimizu, the tsunami started at 07 : 51 UT and the 418 maximum height (1.28m) was measured at 16 : 58 UT (see Figure 8b ). The wavelet signatures of Figure 8a . We also observe, in third and fourth decomposition levels, the presence of wavelet 424 coefficients (d j ) 2 ( j = 3, 4) around the tsunami initial phase and maximum height.
425
In Figure 8c , the observed time of the tsunami's arrival at Pago Bay, Guam around 09 : 16 UT.
426
The tsunami maximum height occurred at 09 : 58 UT and its amplitude was up to 0.54 m. GUA 
